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COLLAGENASE PRODUCTION BY HUMAN DERMIS IN VITRO*
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ABSTRACT
Isolated human dermis has been shown to produce a specific collagenase in vitro. Enzyme
activity becomes detectable after two days of culture, reaches a peak on the fourth day,
and then begins to decline. Like collagenase obtained from cultures of whole human skin,
dermal collagenase is inhibited by human serum and EDTA. The possible sources of this
enzyme are discussed.
Collagenolytic activity has been detected in
culture fluids of human skin by several observers
(1, 2). This enzymatic activity has been char-
acterized and shown to cleave the collagen mole-
cule, under physiological conditions, into two
distinct products which represent three quarters
and one quarter of the molecule (3). The cellu-
mr source of this collagenase is unknown. Studies
on tadpole skin (4—6) and guinea pig wounds
(7, 8) have suggested that epithelium is the pri-
mary source of collagenase. Recently, collagenase
has been demonstrated in culture fluids from
both connective and epithelial tissues of human
gingivae (9). This report demonstrates that hu-
man dermis, completely excluded from epider-
mis, has the ability to produce collagenase in
vitro.
EXPERIMENTAL
Promptly after surgery, normal adult abdomi-
nal skin was trimmed of subcutaneous fat and
the full thickness cut into 1mm squares. The
tissue was incubated with Tyrode's solution con-
taining elastaset 1mg, streptomycin lOOpg, peni-
cillin 100 units, and Mycostatin 100 units per
ml for three hours at 37 C. After the Tyrode's-
elastase solution was removed from the skin by
washing four times with Dnlbecco-Yogt media
containing antibiotics, the epidermis was manu-
ally removed from the dermis under the dissect-
ing microscope. Specimens of the freshly sepa-
rated dermis were studied histologically as de-
scribed below. Two hundred mgs of dermal
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connective tissue were then cultured per ml of
Dulbecco-Vogt antibiotic media in an incubator
supplying 5% CO2 in air at 370 C. Culture
fluids were harvested daily, and the culture ter-
minated after six days. Both the freshly sepa-
rated dermis and the cultured dermal tissue
were fixed in 10% formalin, paraffin embedded,
sectioned, stained with hematoxylin and eosin,
and examined microscopically to determine if
epidermal contamination was present. All cul-
tures were checked for sterility by appropriate
bacteriological techniques.
Collagenase activity was determined by vis-
cometry and acrylamide gel electrophoresis as
previously described (10, 11, 12).
RESULTS
All four dermal connective tissue cultures pro-
duced collagenase. There was no evidence of
contamination of these cultures by epidermal
components. The acrylamide gel electrophoresis
patterns obtained from incubations of collagen
with serial daily harvests of media from human
dermal cultures are presented in Figure 1. The
control pattern consists of monomers (or), dimers
(3) and the higher molecular weight species
seen in uncleaved denatured collagen (13). The
denatured reaction mixture after dermal cal-
lagenase digestion contains these same units as
well as discrete units of lower molecular weight.
This pattern demonstrates the highly specific
action of the dermal enzyme and identifies it as
a specific collagenase (14, 15). Enzyme activity
became detectable on the second day of culture,
reached a peak on the fourth day and then began
to decline. An unconcentrated aliquot of media
from the fourth day of culture was able to re-
duce the specific viscosity of a dilute collagen
solution 45% (Fig. 2). Enzyme activity was in-
hibited by the addition of pooled human serum
in final dilutions of 1 to 100 or the addition of
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FIG. 1. Acrylamide gel eleetrophoresis patterns of the products from incubations of col-
lagen with serial daily harvests of a single human dermal culture (25° C, 20 hours, pH 8.5).c unmodified monomeric chain; p unmodified dimeric chain; A, N-terminal ¾ cleavageproduct; B, C-terminal ¼ cleavage product.
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FIG. 2. Percent reduction in specific viscosity
with time effected by dermal collagenase (pH 8.5,
25° C). There was no reduction in viscosity in the
control sample during the experiment.
disodium EDTA to a final concentration of
0.01 M.
DISCUSSION
The data, here presented, suggest that dermal
collagenase is identical to the collagenase ob-
tained from cultures of whole human skin (3).
The specific cell of origin of dermal collagenase
in vitro is unknown. Although granulocytes have
been found to contain collagenase (10, 11),
these cells are probably not the source of the
dermal enzyme. The granulocyte does not re-
quire culture of tissue for enzyme detection
since the collagenase is directly extractable from
the white cell granule (10). The dermis, how-
ever, requires several days of culture before
enzyme production reaches a peak. In addition,
human serum inhibits the dermal enzyme but
has no effect on granulocyte collagennse activity
(11). A more likely source of collagenase pro-
duction may be the dermal fibroblast since fibro-
blast like cells cultured from human gingivae
have been shown to produce collagenase in
vitro (9).
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